The basal ganglia-thalamocortical circuitry plays a central role in selecting actions that achieve reward-seeking outcomes and avoid aversive ones. Inputs of the nucleus accumbens (NAc) in this circuitry are transmitted through two parallel pathways: the striatonigral direct pathway and the striatopallidal indirect pathway. In the NAc, dopaminergic (DA) modulation of the direct and the indirect pathways is critical in reward-based and aversive learning and cocaine addiction. To explore how DA modulation regulates the associative learning behavior, we developed an asymmetric reversible neurotransmission-blocking technique in which transmission of each pathway was unilaterally blocked by transmission-blocking tetanus toxin and the transmission on the intact side was pharmacologically manipulated by local infusion of a receptor-specific agonist or antagonist. This approach revealed that the activation of D1 receptors and the inactivation of D2 receptors postsynaptically control reward learning/cocaine addiction and aversive learning in a direct pathway-specific and indirect pathway-specific manner, respectively. Furthermore, this study demonstrated that aversive learning is elicited by elaborate actions of NMDA receptors, adenosine A2a receptors, and endocannabinoid CB1 receptors, which serve as key neurotransmitter receptors in inducing long-term potentiation in the indirect pathway. Thus, reward and aversive learning is regulated by pathway-specific neural plasticity via selective transmitter receptors in the NAc circuit.
The basal ganglia-thalamocortical circuitry plays a central role in selecting actions that achieve reward-seeking outcomes and avoid aversive ones. Inputs of the nucleus accumbens (NAc) in this circuitry are transmitted through two parallel pathways: the striatonigral direct pathway and the striatopallidal indirect pathway. In the NAc, dopaminergic (DA) modulation of the direct and the indirect pathways is critical in reward-based and aversive learning and cocaine addiction. To explore how DA modulation regulates the associative learning behavior, we developed an asymmetric reversible neurotransmission-blocking technique in which transmission of each pathway was unilaterally blocked by transmission-blocking tetanus toxin and the transmission on the intact side was pharmacologically manipulated by local infusion of a receptor-specific agonist or antagonist. This approach revealed that the activation of D1 receptors and the inactivation of D2 receptors postsynaptically control reward learning/cocaine addiction and aversive learning in a direct pathway-specific and indirect pathway-specific manner, respectively. Furthermore, this study demonstrated that aversive learning is elicited by elaborate actions of NMDA receptors, adenosine A2a receptors, and endocannabinoid CB1 receptors, which serve as key neurotransmitter receptors in inducing long-term potentiation in the indirect pathway. Thus, reward and aversive learning is regulated by pathway-specific neural plasticity via selective transmitter receptors in the NAc circuit.
avoidance | decision-making | drug addiction | reward-based learning | synaptic plasticity T he basal ganglia circuitry plays a central role in integrating neural information from the cerebral cortex and thalamus to facilitate selection of actions that achieve reward-seeking outcomes and avoid aversive outcomes (1, 2) . Dysfunction of the basal ganglia leads to devastating cognitive and psychiatric disorders in Parkinson disease, schizophrenia, and drug addiction (3) (4) (5) . The projection neurons of the striatum and the nucleus accumbens (NAc), which is a ventral part of the striatum, are divided into two subpopulations (i.e., the striatonigral neurons in the direct pathway and the striatopallidal neurons in the indirect pathway). Inputs of these two parallel pathways converge at the substantia nigra pars reticulata (SNr) and control the dynamic balance of the basal ganglia-thalamocortical circuitry (6) (7) (8) . In this circuit, dopamine (DA) from the ventral tegmental area (VTA) is essential for associative learning by dichotomously controlling glutamatergic synaptic plasticity in the direct and indirect pathways of the NAc via D1 and D2 receptors, respectively (9, 10) . Furthermore, several key neurotransmitters including NMDA receptors, adenosine A2a receptors, and endocannabinoid CB1 receptors have been shown to be involved in DAmodulated synaptic plasticity in either or both pathways of the corticostriatal circuit (10-13). However, the regulatory mechanisms of these two parallel pathways in associative learning behaviors and, in particular, the synaptic mechanisms involved in aversive learning have still largely remained to be elucidated.
In a previous study, we developed a gene-manipulating technique termed reversible neurotransmission blocking (RNB) in which transmission of the direct or the indirect pathway is separately and reversibly blocked by pathway-specific expression of the transmission-blocking tetanus toxin in a doxycycline-regulated manner (14) . Blockade of the direct pathway markedly attenuates both appetitive reward learning and cocaine sensitization. In contrast, when the indirect pathway is blocked, the ability to induce reward-based learning and cocaine sensitization is retained but aversive learning is impaired.
The function of the basal ganglia circuitry becomes defective only when both sides of the NAc circuit are simultaneously impaired in the brain hemispheres (15, 16) . We thus extended the RNB technique to an asymmetric RNB (aRNB) technique. In this technique, one side of the NAc was blocked by the RNB technique and the other intact side was treated with an agonist or antagonist specific for a neurotransmitter receptor (17) . This aRNB technique allowed us to examine what types of neurotransmitter receptors were responsible for learning in a pathway-specific and learning stage-dependent manner. Here, we report that the pathway-specific D1 receptor activation and D2 receptor inactivation distinctly control reward-based learning and aversive learning, respectively, and that a set of the neurotransmitter receptors that induce long-term potentiation (LTP) in the indirect pathway are indispensable for inducing aversive learning.
Results
Analytical Strategy for Assessing Pathway-Specific, DA ReceptorDependent Behavior. In the RNB technique, bilateral transmission blockade of either the direct pathway (D-RNB mice) or the indirect pathway (I-RNB mice) was achieved by the pathway-specific expression of transmission-blocking tetanus toxin, which was driven by interaction of the tetracycline-repressive transcription factor (tTA) and the tetracycline-responsive element (TRE) (14) . The specific expression of tTA was made by using the adeno-associated virus (AAV)-mediated expression system, in which the tTA expression in the direct and indirect pathways was driven by the substance P and the enkephalin promoters, respectively (14) . In the aRNB technique (Fig. 1A) , transmission in either the direct pathway (D-aRNB mice) or the indirect To whom correspondence may be addressed. E-mail: snakanis@obi.or.jp or hikida@tk. med.kyoto-u.ac.jp.
pathway (I-aRNB mice) of the NAc was unilaterally blocked by the RNB technique. Then, 2-3 wk after the viral injection, a neurotransmitter agonist or antagonist was injected into the intact side of the NAc through an implanted cannula. Animal behavior was analyzed 20 min after drug infusion (Fig. 1A) . After the behavioral analysis had been completed, the location of the implanted cannula was confirmed. A D1 agonist, SKF81297 (SKF), and a D1 antagonist, SCH23390 (SCH), were used to examine involvement of D1 receptors; whereas a full D2 agonist, quinpirole, a partial D2 agonist, aripiprazole, and a D2 antagonist, eticlopride, were used to examine engagement of D2 receptors.
Selective Role of D1 Receptor-Dependent Direct Pathway in Cocaine Addiction. Conditioned place preference (CPP) is associative learning between repeated cocaine administration and a cocainepaired chamber. Two weeks after the viral injection into the NAc, the CPP test was conducted by administering cocaine at one fixed chamber and saline at the other chamber for 3 d. On day 4, place preference to visit the cocaine-paired chamber was determined without administration of cocaine (Fig. 1B) . As reported previously (14) , bilateral blockade of the direct pathway, but not that of the indirect pathway, significantly reduced the cocaine-induced CPP. In the control, infusion of saline into the intact side of the NAc of the D-aRNB or I-aRNB mice showed unchanged cocaine-induced CPP, comparable to that of cocaine-administered, saline-injected WT mice (Fig. 1B ). This finding verified that blockade of one side of transmission had no effect on cocaine sensitization. Then, the regulation of acquisition of cocaine-induced adaptation by DA receptors was examined by drug infusion 20 min before each cocaine administration (Fig. 1B) . When a D1 antagonist was infused into the D-aRNB mice, they showed a significant reduction in CPP, similar to that of the bilaterally blocked D-RNB mice. In contrast, infusion of a D1 agonist, a D2 agonist, or a D2 antagonist in the D-aRNB mice showed no such reduction in the cocaine-induced CPP. Furthermore, none of the DA agents prevented the cocaine-induced CPP in either the virus-transfected WT mice or the I-aRNB ones (Fig. 1B) . As controls, no alteration of locomotion activity was observed in both D-aRNB and I-aRNB mice after treatments with DA agonists and antagonists (17) . These results indicated that activation of D1 receptors in the direct pathway is critical for inducing cocaine sensitization.
Next, we addressed whether DA receptors could be involved in the expression of cocaine sensitization once such sensitization had been developed by repeated cocaine administration (Fig.  1C) . In this test, animals were conditioned by daily administration of cocaine for 3 d. On day 4, saline or a DA agent was injected into the intact side of the NAc; 20 min later, the CPP test was conducted without cocaine administration. The D1 antagonist markedly prevented expression of CPP in the D-aRNB mice, and this prevention was not only D1 receptor antagonist-selective but also direct pathway-specific (Fig. 1C) . These results demonstrated that the activation of D1 receptors in the direct pathway is necessary for both acquisition and expression of cocaine-induced addictive behavior.
D1 Receptor Regulation of the Direct Pathway in Acquisition of
Appetitive Reward Learning. Regulation of DA receptors in acquisition and expression of appetitive reward learning was examined by measuring CPP of palatable chocolate over the standard food with the same procedures used for CPP of cocaine administration (Fig. 2) . Bilateral blockade of the direct pathway, but not the indirect pathway, markedly impaired appetitive reward learning (14) (Fig. 2A) . In contrast, unilaterally blocked, saline-infused D-aRNB or I-aRNB mice showed normal ability to learn a chocolate-paired chamber in the CPP test. Then, when a specific DA agonist or antagonist was injected into the intact side of the NAc 20 min before each conditioning with chocolate, the D1 antagonist-treated D-aRNB mice were severely impaired in acquisition of appetitive reward learning ( Fig. 2A) . This impairment was selective for D1 receptors in the direct pathway; , and the other intact side of the NAc was injected with saline or an agonist or antagonist specific for the targeted receptor. Arrowed and blocked lines note excitatory and inhibitory transmissions, respectively. D1, D1 receptors; D2, D2 receptors; Enk, enkephalin; SNr, substantia nigra pars reticulata; SP, substance P; VP, ventral pallidum. (B) Saline or the indicated DA agent was injected into the NAc 20 min before place conditioning of mice with administration of 10 mg/kg cocaine at one fixed chamber and saline at the other chamber. This conditioning was daily conducted for 3 d, and CPP was tested on day 4 without injection of the DA agent and cocaine administration (n = 5-6). (C) Mice were conditioned by administration of 10 mg/kg cocaine for 3 d. On day 4, saline or the indicated DA agent was injected; and 20 min later, CPP was measured without cocaine administration (n = 5-6). Columns and bars represent the mean ± SEM, respectively. D-RNB vs. I-RNB/WT or D-aRNB vs. I-aRNB/WT, *P < 0.05. none of the other groups of drug-infused animals were defective in acquisition of appetitive reward learning ( Fig. 2A) . Notably, once the D-aRNB mice had learned a reward by repeated appetitive conditioning for 3 d, infusion of the D1 antagonist failed to abrogate appetitive reward learning (Fig. 2B) . Also, none of the other groups of drug-infused animals showed impaired expression of appetitive reward learning (Fig. 2B) . These results indicated that the activation of D1 receptors in the direct pathway is essential for acquisition of appetitive reward learning but is not required for expression of this learning behavior.
D2 Receptor Dependency of the Indirect Pathway in Aversive
Behavior. Aversive learning was then tested by performing the one-trial inhibitory avoidance task (Fig. 3) . In this test, mice received electric shocks when they entered a preferred dark chamber from a lighted chamber. Aversive behavior was then tested 24 h later by measuring latencies to enter the dark chamber, where the mice were electrically shocked (14) . In the absence of aversive conditioning, all three groups of animals (WT, D-aRNB, and I-aRNB) rapidly entered the preferred dark chamber with no statistical difference regardless of infusion of DA receptor agonists or antagonists. Then, bilateral blockade, but not unilateral blockade, of the indirect pathway impaired aversive learning to avoid entering the electrically shocked chamber (Fig. 3A) . When quinpirole or aripiprazole was infused into the NAc 20 min before aversive conditioning, either of these D2 agonists effectively impaired avoidance learning of the I-aRNB mice but not that of the D-aRNB or WT mice (Fig. 3A) . No such impairment was elicited by infusion of the D1 agonist, D1 antagonist, or D2 antagonist into the I-aRNB mice or by infusion of any of the DA agents into the WT or D-aRNB mice (Fig. 3A) .
The effects of DA agents on the expression of avoidance learning were then tested (Fig. 3B ). Animals were conditioned with electric shocks in the dark chamber and subsequently kept in their home cage for 24 h. DA agents were then infused into the NAc; 20 min later, the animals were tested for their ability to avoid the electrically shocked chamber. This analysis showed selective impairments of aversive behavior by the activation of the D2 receptor with its agonists, quinpirole and aripiprazole, only in the I-aRNB mice (Fig. 3B) . The results thus indicated that the inactivation of D2 receptors in the indirect pathway is indispensable for both acquisition and expression of aversive behavior.
Critical Function of Postsynaptic D2L Receptors in Aversive Behavior.
In the expression of D2 receptors, a short form (D2S) and a long form (D2L) of D2 receptors are generated by the respective exclusion and inclusion of a 29-amino acid sequence in the third cytoplasmic domain of the D2 receptors via alternative splicing (18) (19) (20) . The D2L receptors have been shown to be responsible for DA transmission at the postsynaptic site of striatal neurons (21, 22) . We thus addressed whether the observed aversive 3 . Acquisition and expression of aversive learning by D2 receptor inactivation in the indirect pathway. (A) Aversive learning was tested by the one-trial inhibitory avoidance task. Saline or the indicated DA agent was injected into the NAc; 20 min later, the mice were subjected to electric shocks when they entered the dark chamber from the lighted chamber. Memory retention was tested 24 h later by measuring latencies for the mice to enter the dark chamber (n = 5-6). (B) Mice were conditioned with electric shocks at the dark chamber; 24 h later, saline or the indicated DA agent was injected. Twenty minutes later, latencies to enter the dark chamber were measured (n = 4-6). Columns and bars represent the mean ± SEM, respectively. I-RNB vs. D-RNB/WT or I-aRNB vs. D-aRNB/ WT, *P < 0.05. learning was mediated by the postsynaptic D2 receptors in DA transmission of the striatal neurons by examining aversive behavior of D2L knockout mice (23) . Upon one-trial inhibitory avoidance analysis, the D2L knockout mice showed significant impairment in aversive learning in a gene dosage-dependent manner (Fig. 4A) . This deficit was not due to impairments of the fear system, because the three groups of animals (WT, D2L +/− , and D2L −/− mice) showed comparable postshock freezing responses by repeated presentation of footshocks (Fig. 4B) . These data thus indicated that the postsynaptic D2 receptors are critical for regulating DA transmission in aversive behavior.
Involvement of Additional Key Neurotransmitter Receptors in Aversive
Learning. The inactivation of the inhibitory D2 receptors would most likely enhance the efficacy of input transmission of aversive stimuli in the indirect pathway and would thus induce aversive learning. The induction of LTP in glutamatergic transmission in the indirect-pathway neurons has been reported based on extensive electrophysiological studies using striatal slice preparations (10, 11, 24) . In the indirect-pathway neurons, D2 receptors and adenosine A2a receptors are colocalized postsynaptically and counteract each other (10, 24, 25) . The activation of postsynaptic A2a receptors efficiently impedes the synthesis of endocannabinoids and results in suppression of the presynaptic CB1 receptors in glutamatergic neurons through reduced retrograde transmission of endocannabinoids (13, 25) . Electrophysiological studies have indicated that when the D2 receptors in the indirect-pathway neurons are inhibited or the striatal DA levels are reduced, the NMDA receptors and A2a receptors are coactivated and that elaborate synaptic modulation via the NMDA, A2a, and CB1 receptors induces LTP in glutamatergic transmission in the indirect-pathway neurons (10) (11) (12) . Therefore, we examined whether these key neurotransmitter receptors could be involved in aversive learning by infusing the inhibitors or activator of these respective receptors into the intact side of the NAc of the I-aRNB mice. When a mixture of NMDA receptor inhibitors, D-(-)-2-amino-5-phosphonovalerate (APV) and MK801, was unilaterally injected into the NAc, an abnormal ipsilateral rotation was evoked in both the I-aRNB mice and WT mice, but this abnormality gradually disappeared thereafter. No such abnormal turning was detected when the A2a receptor antagonist SCH58261 or the CB1 receptor agonist arachidonyl-2-chloroethylamide (ACEA) was injected into the NAc of the I-aRNB and WT mice. Notably, the drug-treated, unconditioned I-aRNB and WT mice still retained preference to step through from the lighted chamber to the preferred dark chamber with no statistical difference between these two groups (Fig. 5) . Then, 20 min after drug injection, the animals were conditioned with electric shocks in the dark chamber, and retention of aversive learning was tested 24 h after electric shocks by performing the one-trial inhibitory avoidance task. Treatments with the NMDA receptor inhibitors abolished aversive learning of the I-aRNB mice, but not that of the WT mice (Fig. 5A) . Similarly, infusion of the A2a receptor antagonist SCH58261 significantly impaired the aversive learning of the I-aRNB mice compared with that of the WT mice (Fig. 5B) . Furthermore, treatments with the CB1 receptor agonist ACEA hampered the aversive learning of the I-aRNB mice only (Fig. 5C) . These results thus indicated that aversive learning behavior is regulated by the neural plasticity involving the elaborate actions of the postsynaptic NMDA receptors and A2a receptors and the presynaptic CB1 receptors at the glutamatergic synapses of the indirect-pathway neurons.
Discussion
This study aimed at exploring the regulatory mechanisms of the NAc circuit in reward and aversive learning by combining the pathway-specific blockade of the NAc transmission and pharmacological analysis. Learning deficits in the D1 antagonisttreated D-aRNB mice and the D2 agonist-treated I-aRNB mice both faithfully reflected those in the bilaterally blocked D-and I-RNB mice, respectively. The activation of D1 receptors in the direct pathway and the inactivation of D2 receptors in the indirect pathway are thus essential for reward-based learning and aversive learning, respectively. The present study further revealed that the postsynaptic D2 receptors serve as a prerequisite determinant that modulates a set of the LTP-evoking synaptic receptors (NMDA, A2a, and CB1 receptors) for induction of aversive learning. The NAc comprises a minor cell population of cholinergic and GABAergic interneurons that express D1-like or D2-like DA receptors and NMDA receptors (11) . Pharmacological treatments in the aRNB mice may thus act on some of these interneurons and could influence the activity of the direct-pathway or indirect-pathway neurons (26, 27) . The mechanisms underlying the distinct role of each pathway thus need to be carefully interpreted. The present study has demonstrated that not only the pathway-specific postsynaptic D1 and D2 receptors but also several key receptors characteristic of the corticostriatal synapses play a pivotal role in the associative reward-based and aversive learning (10) (11) (12) . We thus propose a mechanistic model for reward and aversive learning by focusing on the transmission modulation of the corticostriatal synapses in the NAc (Fig. 6) .
Rewarding stimuli elicit a burst of phasic firings in DA neurons (28) , and these stimuli as well as cocaine administration vastly increase synaptic concentrations of DA in the NAc (29, 30) . This increase effectively activates the low-affinity D1 receptors and results in induction of LTP in striatonigral neurons of the direct pathway (10, 11, 31) . The simultaneous activation of the high-affinity, inhibitory D2 receptors, however, keeps the indirect pathway inactive. The D1 receptor antagonist thus disrupted cocaineinduced and reward-based behavior in a direct pathway-specific manner (Fig. 6A ).
An electric footshock has been shown to inhibit about 90% of DA neurons in the VTA (32) and would reduce DA levels in the NAc. This reduction in DA relieves the inhibitory actions of the high-affinity D2 receptors but has no effects on the low-affinity D1 receptors. The resultant selective transmission enhancement in the indirect pathway would induce aversive learning. The exogenously applied D2 receptor agonist thus counteracted the Columns and bars represent the mean ± SEM, respectively. *P < 0.05, **P < 0.01. (B) Percentages of freezing were determined for a 1-min period by giving electric shocks at 3, 4, and 5 min (arrows) (n = 4 each). Symbols and bars represent the mean ± SEM, respectively. ANOVA with repeated measures among the three groups of mice; for genotype, P = 0.90; for time, P < 0.001; interaction genotype × time, P = 0.94.
inactivation of D2 receptors and selectively disrupted aversive learning (Fig. 6B ). D2 receptors are located both presynaptically and postsynaptically, but the D2L receptors are located postsynaptically (23, 33) . The D2L deficiency has been shown to abolish postsynaptic responses (21, 22) but keep presynaptic functions intact, including transmission by GABA, glutamate, and DA in the NAc (23, (33) (34) (35) (36) . In the present investigation, the D2L knockout mice exhibited impaired aversive learning. Thus, taking into account impairments of the D2 agonist-treated I-aRNB mice, the results indicated that the postsynaptic D2 receptors in the NAc play a pivotal role for induction of aversive learning. Furthermore, consistent with our proposed model, previous studies have indicated that D2L knockout mice retain the normal ability for CPP after repeated cocaine administration (37, 38) . Importantly, previous electrophysiological studies have indicated that several key neurotransmitter receptors play a critical role in inducing LTP in glutamatergic transmission in the indirect pathway (10, 11) . Our behavioral study explicitly demonstrated that these LTP-evoking receptors, when pharmacologically manipulated, all prevented aversive learning in the I-aRNB mice. Our model thus holds that aversive learning is induced by inactivation of the postsynaptic D2 receptors and then the sequential mechanistic events mediated by the key neurotransmitter receptors at the NAc circuit of the indirect pathway. Interestingly, pharmacological manipulation by DA receptor agonist or antagonist before and after learning conditioning impaired cocaine sensitization and aversive learning, but once appetitive reward learning had been developed, such manipulation was no more effective in blocking this learning. Thus, dopaminergic synaptic modulation is required for both acquisition and expression of cocaine sensitization and aversive learning, but this modulation is specifically involved in acquisition but not expression of appetitive reward learning. The corticostriatal circuitry is functionally segregated in parallel loops conveying limbic, associative, and sensory motor information (6) . Because transmission blockade was restricted to the NAc in this investigation, appetitive rewarding signals may shift from the NAc loop to other striatal loops and additional neural circuits. The difference in encoding information about abusive drugs versus natural rewards would be important for a better understanding of abnormal responses to abusive drugs. In conclusion, reward and aversive learning is controlled by the pathway-specific, segregated synaptic modulation in the NAc via selective transmitter receptors; this finding should open additional perspectives on the development of specific and efficient treatments for drug addiction and psychiatric disorders.
Materials and Methods
Animals. All animal handling procedures were approved by the animal research committees of Osaka Bioscience Institute, Kyoto University Graduate School of Medicine, and Kitasato University. The RNB and aRNB mice were generated by the respective bilateral and unilateral injection of the recombinant AAV viruses into four sites of each NAc by stereotaxic techniques (14, 17) . Virus-injected WT littermates were used as controls. The heterozygous D2L
+/− mice (23) were backcrossed to a C57BL/6 genetic background for more than six generations; homozygous D2L −/− , heterozygous D2L +/− , and WT mice were generated by mating the heterozygous
Drug Infusion in aRNB Mice. After the recombinant virus had been unilaterally injected into the NAc of anesthetized mice, the other side of the NAc was implanted with a cannula aimed toward the NAc for drug infusion as described previously (17) . The concentrations of infused drugs were 100 μM SCH23390, 300 μM SKF81297, 1 mM quinpirole, 400 μM eticlopride (all from SIGMA), 100 μM aripiprazole (Toronto Research Chemicals), 25 mM APV, 20 mM MK801 (both from Wako), 100 μM SCH58261 (Tocris), and 300 μM ACEA (abcam). After behavioral analysis, injection sites of drugs were confirmed by direct visualization of a series of slice sections of the NAc region. When the injection site was found to be outside the NAc, these data were discarded (about 2% of animals analyzed).
Behavior Tests. Behavioral analysis was started 2-3 wk after viral injection together with surgery for drug infusion. The CPP test and the one-trial inhibitory avoidance test were performed as described previously (14) . Cocaine was obtained from Shionogi. Fear responses were analyzed by scoring percentages of positive freezing responses at 2-s intervals in a 1-min period following electric shocks (14) . All tests of animal behaviors were conducted in a blind fashion.
Statistical Analysis. Statistical analysis was conducted by using StatView 5.0. Data were analyzed by two-way ANOVA or repeated-measured ANOVA. , or a CB1 receptor agonist ACEA (C), latencies to step through from the lighted chamber to the preferred dark chamber were measured in mice before conditioning with electric shocks. They were then subjected to electric shocks at the dark chamber; latencies for the mice to enter the dark chamber were measured 24 h after shocking (n = 5 each). Columns and bars represent the mean ± SEM, respectively. I-aRNB vs. WT, *P < 0.05. 
